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The terminal restriction fragment length polymorphism
was used to determine the bacterial diversity in rhizo-
sphere of maize (Zea mays L.) collected from four sites
of experimental field plot in two dates of the vegetation
season (July and September). The 16S rRNA gene was
amplified from metagenomic DNA using universal eubac-
terial primers and PCR products were digested separately
with three restriction enzymes. Significant differences in
the number of terminal restriction fragments among rhi-
zosphere samples and between sampling dates were not
detected (P < 0.05). Variation within the bacterial com-

munities from different collecting places was evaluated
by principal component analysis. Results showed that
the most different bacterial community originated from
marginal part of the experimental field plot collected in
September was caused probably by combination of the
marginal effect and drought before sampling date in Sep-
tember. Other rhizosphere samples showed from moderate
to small differences in the structure of the bacterial com-
munity. Nevertheless, significant differences among all
collected bacterial communities were not observed.
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The microbial diversity in soil is very com-
plex and provides a huge resource for studies of
new genes, metabolic pathways, and their products
(Sharma et al. 2007). There are around 2.6x10%
of prokaryotic cells in soil (Whitman et al. 1998),
but most of them are located in rhizosphere, i.e. in
soil in direct contact with plant roots. The composi-
tion of soil microbial community is affected by soil
structure and geographic location (Gelsomino et al.
1999), size of soil particles (Ranjard et al. 2000),
mineral composition (Carson et al. 2009), and agri-

cultural practices (Benizri ef al. 2007), while micro-
bial activity is greatly influenced by roots of plants
(Bais et al. 2006). The composition of root exudates
depends on plant species and cultivar, plant de-
velopmental stage, growth substrate, and different
stress factors (Uren 2000). The main components of
root exudates from maize are sugars, organic acids,
and amino acids (65%, 33%, and 2%, respectively)
(Baudoin et al. 2003) but changes in the composi-
tion of root exudates are possible due to different
root exudates produced by different maize geno-
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types (Corrales et al. 2007). Therefore, rhizosphere
is a highly dynamic environment and probably more
factors may affect rhizobacterial community com-
position, making the rhizosphere more variable and
thus unpredictable for the presence or absence of
particular bacterial species (Buée et al. 2009).

Advanced tools for analysis of diversity within
and among bacterial communities must be available
and used to achieve relevant results from studies of
soil microbial diversity and changes caused by biot-
ic or abiotic factors. These methods should analyse
also unculturable species of microbial community
by culture-independent methods based on differ-
ences in DNA sequences. Such approaches based
on amplification of targeted DNA fragments that
are usually the 16S ribosomal RNA (rRNA) gene
or internal transcribed region spacer of the rRNA
genes. Amplicons are eighter digested with restric-
tion endonuclease before electrophoretic analysis
(T-RFLP, Liu et al. 1997) or directly analysed by
electrophoresis (ARISA, Denman et al. 2008), re-
spectively.

The aim of this study was to evaluate differ-
ences among bacterial communities from maize
rhizosphere collected at four different sampling sites
within the experimental field plot and between two
sampling dates, using culture-independent method,
the terminal restriction fragment length polymor-
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phism (T-RFLP) targeted to PCR amplification of
bacterial 16S rRNA gene.

MATERIAL AND METHODS

The field plot was located in Borovce (Experi-
mental Station of the Research Institute of Plant
Production, Piestany, Slovak Republic). The basic
climatic and soil parameters of experimental locality
were: 167 m above sea level, average annual precip-
itation 593 mm (358 mm during the vegetation sea-
son), long-term average annual temperature 9.2°C
(15.5 during the vegetation season). The soil charac-
teristics of field plots were as follows: Haplic Cher-
nozem. The depth of plow layer was 0.24-0.28 m.
The depth of mollic horizon was 0.40—0.55 m; it was
differentiated in the upper (eluvial) and under (illu-
vial) layer. In the depth of 0.50—0.85 m, the mollic
horizon proceeded into calciferous loess.

The maize hybrid DKC 3511 (Zea mays L.) was
sown in the plot 62 m x 200 m. Pesticides were ap-
plied according to actual occurrence of diseases,
pests, and weeds. Samples of rhizosphere were col-
lected on July 29" (samples RJ) and on September
23 (samples RS) from four positions within the plot
— three were inside (samples R1, R2 and R3) and
one at the margin of plot (sample R4). Rhizosphere
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Figure 1. Precipitation and temperature at the field trial 30 days before the rhizosphere sampling; measured values
represent monthly interval from 30" June to 29" July 2009 and 25™ August to 23" September 2009.

The arrow indicates the sampling day
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samples collected in September were collected ex-
actly from the same positions as in July. Daily pre-
cipitation and air temperature were measured during
one month before sampling (Figure 1). Maize plants
were taken out from soil, bulk soil from roots was
removed and rhizosphere layers were taken from the
roots and stored at 4°C in sterile tubes.

Collected samples of rhizosphere were homog-
enized and metagenomic DNA was extracted using
the PowerSoil DNA Isolation Kit (MoBio Laborato-
ries Inc., Carlsbad, USA). DNA amplifications were
carried out in 50 pL reaction mixtures containing
1 x PCR buffer (Invitrogen, Thermo Fisher Scientif-
ic Inc., Waltham, USA), 1.5 mmol Mg*", 0.10 pmol
of both primers, 200 umol of each dNTP (Invitrogen,
Thermo Fisher Scientific Inc., Waltham, USA), 1 U
Taq DNA polymerase (Invitrogen, Thermo Fisher
Scientific Inc., Waltham, USA), and 1 pL (20 ng) of
DNA extracted from soil. Bacterial universal prim-
ers for the 16S rRNA gene 8F (FAM labelled at the
5’-end) (Edwards et al. 1989) and 926R (Muyzer et
al. 1995) were used. Amplification of DNA by PCR
was programmed as follows: initial denaturation for
3 min at 95°C followed by 35 cycles: 30 s at 94°C,
30 s at 47°C, 1 min at 72°C, and final polymeriza-

tion for 10 min at 72°C, using the GeneAmp PCR
System 9700 (Applied Biosystems, Thermo Fisher
Scientific Inc., Waltham, USA). Three separate PCR
mixtures from each sampling point were pooled,
and PCR products were purified by the PCR Purifi-
cation & Agarose Gel Extraction Combo Kit (Ecoli
s.r.o., Bratislava, Slovakia). Cleavage of PCR prod-
ucts was performed separately using the restriction
endonucleases Cfol, Mspl, and Rsal (Roche Sloven-
sko s.r.o., Bratislava, Slovakia) in reaction mixture
with total volume of 20 pL and containing 10 U of
restriction enzyme, 1 x buffer, and 10 pL of purified
PCR mix during 2 h at 37°C. Samples after cleavage
were purified using the same kit and samples were
diluted to a concentration of 40 ng/uL. Terminal res-
triction fragments (T-RFs) were separated by capil-
lary electrophoresis using the ABI Prism 3100 Avant
Apparatus (Applied Biosystems, Thermo Fisher
Scientific Inc., Waltham, USA) with LIZ 1200 in-
ternal standard. Electrophoretograms were analyzed
by GeneMapper 3.5 (Applied Biosystems, Thermo
Fisher Scientific Inc., Waltham, USA). Only frag-
ments in range 70—600 bp were used for evaluation.

Results were statistically evaluated by the Fish-
er’s least significant difference (LSD) procedure at

Categories of T-RFs obtained after cleavage with Cfol, Mspl, and Rsal

Table 1

Restriction Ubiquitous T-RFs Unique T-RFs | Other T-RFs Total

endonuclease July/September

Cfol 30/31 36/37 9/12 75/80

Mspl 17/29 30/32 12/7 59/68

Rsal 12/13 25/13 10/8 47/34
Table 2

Number of unique T-RFs for each bacterial rhizosphere sample after cleavage with Cfol, Mspl, and Rsal,
collected in July and September

Rhizosphere Cfol Mspl | Rsal
sample July/September

R1 7/4 14/9 2/3

R2 6/9 6/5 11

R3 7/8 7/13 11

R4 16/16 3/5 21/8
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the 95.0% confidence level. Bacterial communities zosphere samples was different. The total number
in different samples were evaluated by the presence/ of resulted T-RFs was affected by restriction endo-
absence of specific T-RFs and the binary data was nuclease used for generation of T-RFs, the highest
used for Principal Component Analysis (PCA) using number was detected for Cfol, and the least for Rsal.
the Statgraphics X64 statistical program. Within each of them, the differences in the number
of T-RFs were higher in September than in July (Ta-

ble 1). According to the occurrence, T-RFs were di-

RESULTS AND DISCUSSION vided into three groups: 1. ubiquitous T-RFs present

in all four samples, 2. unique T-RFs present in only

Diversity between communities of bacteria liv- one sample, 3. other T-RF occurred in 2—3 samples.
ing in rhizosphere of maize hybrid DKC 3511 was The unique T-RFs represented the largest part of the
studied using variation in the 16S rRNA gene. The total number of T-RFs and represent specific spe-
number of detected T-RFs among individual rhi- cies or groups of bacteria which also ensure varia-

<]
S

Q.
—

Col/July Cfol/September
4000 - ® 4000 -
8 =RJ1 ®RJ2 =RJ3 =RJ4 2 #RSTMRSS “WRSS MRSt
8 3000 | 8 3000
o ®
5 2000 A g 2000
= 3
™ 1000 - * 1000
0 4 Raln o faeso 8 ac ool 0
75 76 86 95 203 206 345 354 504 70 75 76 86 95 199203206326 337432504
Ubiquitous T-RFs Ubiquitous T-RFs
b) Mspl/July e) Mspl/September
g 2500 - =RJ1 ®RJ2 =RJ3 =RJ4 g 3000 - ®RS1 =RS2 =RS3 ~RS4
€ 2000 - § 2500 - _
o 4
2 1500 g 2000
3 1000 - g 1500 1
= - T 1000 | -
500 + _ 500 - D
0 - 0+
71 122135137143 145147 153 156 165194217 135 137 143 145 147 153 156
Ubiquitous T-RFs Ubiquitous T-RFs
c) Rsal/July ) Rsal/September
g 2000 - =RJ1 =RJ2 ®RJ3 “RJ4 o 3000 =RS1 RS2 mRS3 =RS4
c [&]
& 1500 - § 20
2 9 2000
8 1000 | 2 1500
T 2 1000
500 | 500
0+ 0
70 76 100 103 112 114 123 414 445 462 70 9 98 100 103 112 123 414
Ubiquitous T-RFs Ubiguitous T-RFs

Figure 2. The intensities of the fluorescent signals of ubiquitous T-RFs different in length (bp) occurred in
rhizosphere samples; a), b), ¢) — samples collected in July; d), e), f) — samples collected in September

101



Agriculture (Polnohospodarstvo), 60, 2014 (3): 98—104

PC3 - 10.95%

PC1 - 36.02%

Figure 3. The PCA biplot of T-RFLP profiles from rhizosphere samples collected in July (RJ1-RJ4) and September
(RS1-RS4) and digested with Cfol, Mspl, and Rsal. The PCA biplot explained 59.03% of the variability

in the data

tion among individual rhizosphere samples (Table
2). According to the total number of unique T-RFs,
sample RS4 differed the most from others, neverthe-
less statistically significant differences among sam-
ples were not detected (LSD, P > 0.05) (Table 2).

The number of ubiquitous T-RFs and their abun-
dance was different for each sample (Figure 2). The
sizes of experimentally obtained ubiquitous T-RFs
detected in both collection period were compared
with in silico T-RFs of known bacteria using the
program MiCA 3 and Soil database based on RDP
r12ul0 by Ru Li (Microbial Community Analysis
111, Shyu et al. 2007). Most ubiquitous T-RFs corre-
spond to the Proteobacteria group (specifically 95 bp,
203 bp and 206 bp/Cfol; 135 bp, 143 bp, 147 bp,
156 bp/Mspl; 112 bp/Rsal). Other ubiquitous T-RFs
correspond to the Acidobacteria, Actinobacteria,
Firmicutes and Bacteroidetes. They could reflect the
most commonly occurring bacteria in maize rhizos-
phere or bacteria dominant in soil specific for ex-
perimental locality. Several T-RFs were dominant in
both sampling dates, i.e. in July and September (e.g.
T-RFs Cfol/July and Cfol/September with length of
75 bp), others occurred only in July (e.g. Rsal/July
with length of 462 bp) or only in September (e.g.
Cfol/July with length of 432 bp).

The principal component analysis (Figure 3) re-
vealed high similarity of the T-RF profiles of rhi-
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zosphere bacterial communities from samples RJ1,
RJ2, RJ3, RS1, RS2, and RS3. Bacterial community
from RJ4 rhizosphere sample was slightly different,
the RS4 was the most different from other samples.
The reason is probably the marginal effect, i.e. po-
sition of sampling site located on the margin of ex-
perimental plot where condition and parameters in
soil can be different in comparison with inner parts
of field plot. Also climatic conditions could affect
bacterial rhizosphere on the margin of field plot, es-
pecially in September when only very limited pre-
cipitation was during four weeks before rhizosphere
sampling (Figure 1). It caused overdrying of soil
mainly in marginal parts of the experimental plot.
Simultaneously, obtained results indicate that lower
precipitation in the second period of sample collec-
tion influences probably the changes in rhizosphere
bacterial composition more than temperature varia-
tion in the first period of sample collection. This is
particularly evident from position of the marginal
samples RJ4 and RS4 in the PCA graph (Figure 3).
Obtained results revealed that changes in the
structure and composition of the bacterial commu-
nity in rhizosphere occur within the same genotype
(DKC 3511) of maize as well as in different phases
of plant growth (July, September). However, chang-
es were not significant. This corresponds with re-
sults of Marschner and Rumberger (2004) which



Agriculture (Polnohospodarstvo), 60, 2014 (3): 98—104

observed recolonisation of sterile soil with bacteria
and concluded that the structure of bacterial com-
munity in rhizosphere is highly dynamic and can
be changed within a few days. There are only few
published studies of microbial diversity in maize
rhizosphere using the T-RFLP method. Prischl et al.
(2012) used the T-RFLP for study of endophytic bac-
terial community in seven maize cultivars (three of
them were transgenic) and concluded that the maize
cultivar impacted soil environment, regardless of
transgenic or non-transgenic status. Similar results
were also observed using T-RFLP method for study
of rhizosphere bacterial communities in the con-
ventional and genetically modified maize MONg10
(Ondreickova et al. 2014). Cavaglieri et al. (2009)
used culture-dependent methods and found signifi-
cant changes in microbial community composition
in maize rhizosphere during all growth stages. On
the contrary Gomes et al. (2001), using the tem-
perature gradient gel electrophoresis, revealed no
changes in the composition of the bacterial commu-
nity in rhizosphere at different growth stages in two
maize cultivars but they observed significant sea-
sonal changes in both cultivars. These changes were
more pronounced from samples taken from young
roots than from samples taken from mature plants.
Also no significant changes were detected in maize
rhizosphere between transgenic herbicide resistant
maize and its isogenic line by single strand confor-
mational polymorphism (Schmalenberger & Tebbe
2002).

The rhizosphere plays very important role in
plant nutrition and nutrient cycles, plant health,
microorganism-mediated carbon sequestration, and
ecosystem functioning. In addition to other biotic
and abiotic factors, the root exudates influence rhi-
zosphere microbial communities with impacts on
agriculture production and nature conservation.

CONCLUSION

The terminal restriction fragment length poly-
morphism represents a powerful tool for studying
of microbial communities from soil samples. Appli-
cation of T-RFLP method in combination with prin-
cipal component analysis or similar statistic analy-
ses is very useful for detection and presentation of

status of bacterial communities in rhizosphere and
emerging changes. Results of this study demon-
strated that although the composition of bacterial
communities in rhizosphere of maize was too little
different among samples collected from inner parts
of field plot; these collected from maize plant grown
in marginal part of plot were slightly different. This
fact could be caused by modified soil parameters,
especially after drought or very low precipitation.
Nevertheless, these differences were not statistical-
ly significant.
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